Fulminant hepatitis (FH) is a rare and devastating syndrome caused by a variety of hepatic insults. It characterized by severe metabolic derangements, neurologic complications and ultimately, multiorgan failure. Liver transplantation is the gold standard therapy for patients with irreversible FH. The major areas of current research in this field include the development of: hepatic support devices, strategies to accelerate hepatic regeneration and criteria for accurate prognostic classification of patients. This review aims to focus on the definitions, aetiologies and management strategies for FH.
Introduction
Fulminant hepatitis (FH) is a rare but devastating disease, often affecting young individuals, which despite recent therapeutic advances, is associated with significant morbidity and mortality [1] . Prior to transplantation, most series suggested a less than 15% survival in patients with FH. Currently, the overall short-term survival (one year) including those undergoing transplantation is greater than 65% [2] . Due to its rarity, FH has been difficult to study in depth and therefore, very few controlled therapy trials have been performed.
The pathogenesis of acute liver failure (ALF) includes both direct and immune-mediated liver injury triggered by diverse aetiologies. Innate immune-mediated injury is initiated early and may then be followed by injury resulting from adaptive immune responses. Innate immune activation is aetiology-specific. Pathogen-associated
Definitions
In 1970, Trey and Davidson [6] proposed the well-known diagnostic criteria for fulminant hepatic failure. They defined the condition as a clinical syndrome characterized by massive liver necrosis associated with severe impairment of hepatic function, manifesting as progressive jaundice, hepatic coma, and liver atrophy developing with in 8 weeks of the onset of the first symptoms of the disease in individuals with no previous history of hepatic disease.
In 1993, O'Grady et al. [7] re-defined the syndrome as "acute liver failure" prefixed with "hyper" and "sub" to describe 2 cohorts at opposite ends of the clinical spectrum, based on the observation of a large series of patients treated at King's College Hospital, London, between 1972 and 1985. Criticisms were raised regarding the nomenclature and definition of "acute liver failure" proposed by the King' College Hospital group, especially in France [8] and India [9] as it was felt that the sub-classification was unlikely to influence management decision. In our opinion, we find the definition proposed by O'Grady et al. [7] the most useful as longer latency affects mortality.
The Practice Guideline Committee of the American Association for the Study of Liver Diseases(AASLD) [10] defines acute liver failure as "liver disease characterized by the development of hepatic encephalopathy and coagulation abnormalities, usually an international normalized ratio (INR) of ≥1.5 or more, in patients without pre-existing cirrhosis, and an illness of <26 weeks duration".
In this position paper, subgroups classified according to the interval between the onset of hepaticencephalopathy and the first onset of the disease symptoms; namely, the hyper-acute, acute, and sub-acute types, was shown to be unhelpful in predicting the outcomes of the patients [10] . Table 1 summarises the different proposed definitions of FH.
Causes
The most frequent causes of acute liver failure worldwide include viral hepatitis [particularly hepatitis A virus (HAV) and hepatitis B virus (HBV)], medication overdose (in particular paracetamol), idiosyncratic drug reactions, ingestion of toxins, and metabolic disorders [11] . However, in a significant proportion of patients, the cause of the fulminant hepatitis cannot be established despite systematic screening to detect rare viruses and other less common causes which include: Wilson's disease, ischemic hepatitis, Budd-Chiari syndrome, Reye's syndrome and malignancy. In addition, some rare cases of fulminant hepatitis related to hepatitis C virus infection have been described in the literature [12] .
According to the European Liver Transplantation Registry, the most common causes of transplanted FH between 1972 and 2007 were viral causes (HAV: 1%; HBV: 15%), paracetamol overdose (8%), non-paracetamol In addition, ingestion of the Amanita Falloides mushroom is a relatively common cause of acute liver failure in Mediterranean countries [13] .
In another survey carried out in the United states between 1998 and 2008, the major aetiologies of ALF in 1147 patients were paracetamol overdose (46%) followed by indeterminate causes (14%), drug-related ALF (11%), HBV (7%), other causes (7%), autoimmune hepatitis (AIH; 5%), ischemic hepatitis (4%), HAV (3%), and Wilson's disease (2%) [14] .
It is important to highlight that the leading aetiologies for fulminant hepatitis has changed over the years in Europe and the United states. In particular, hepatitis viruses, which were the leading cause between 1995-1996, have fallen behind drugs, in particular paracetamol, which is now the leading cause of this disease [2] .
Identifying the cause of FH is imperative as it allows for early-targeted treatment to be initiated. In addition, it allows prognosis to be determined. It is well-described in the literature that the outcome of FH is significantly influenced by disease aetiology [15] . Brandsaeter et al. [16] , studied 315 patients from 1990 to 2001 listed for transplantation. They found that spontaneous survival was highest in patients with HAV infection (43%, 3/7 patients); this was followed by paracetamol overdose (31%, 16/52) and HBV infection (8%, 2/25). This good prognosis without liver transplantation in patients with paracetamol overdose and HAV infection has also been demonstrated in America [14] . In contrast, in this same series, patients with an indeterminate cause or nonparacetamol drug-related ALF, HBV infection, autoimmune hepatitis, Wilson's disease, or Budd-Chiari syndrome had a short-term transplant free survival of <25% [2] . The causes of FH are summarised below ( Table 2 ).
Management
Although patients with ALF represent a heterogeneous group, they have consistent clinical features: acute loss of hepatocellular function, the systemic inflammatory response, and multi-organ system failure [10] . To date, no single therapy has been shown to improve outcome in all ALF patients. The main aim of management is therefore supportive and dealing with any complications that may present.
Patients with FH should be managed in an intensive care unit and transferred as soon as possible to centres with a liver transplant program. As most patients with acute liver failure develop dome degree of circulatory dysfunction, attention must be paid to fluid management and haemodynamics. In addition, surveillance for, and prompt treatment of infection is also crucial. Coagulation parameters, complete blood counts, metabolic panels (including glucose) and arterial blood gas should be checked frequently. Serum aminotransferases and bilirubin are generally measured daily to follow the course of the condition; however, changes in aminotransferase levels correlate poorly with prognosis, and a decline should not be interpreted as a sign of improvement [10] .
Intensive Care
The survival of patients with acute liver failure has improved over time because of early disease recognition and better intensive care management. Despite this, mortality remains high without liver transplantation and exceeds 80% in the most severe cases. Patient outcome is often determined by the severity and number of organ failure [17] .
Cerebral oedema represents an important cause of death in patients with ALF. Although its incidence may be declining, up to 25% of patients are still succumbing to the sequelae of intra-cerebral hypertension [17] . Patients with progressive encephalopathy, grade III or IV, require intubation and sedation as high-grade encephalopathy usually occurs as a consequence of cerebraledema. The pathogenesis of cerebral oedema in patients with ALF appears to be multifactorial. Prolonged time periods of cerebral perfusion pressure (CPP) < 50 mmHg or an intra-cranial pressure (ICP) of >40 mmHg are associated with a poor neurological outcome [18] . CPP below 40 mmHg for more than 2 hours was considered a contraindication for liver transplantation; however, a case series of four patients with refractory ICP elevation above 35 mmHg and CPP below 50 mmHg who made a full neurological recovery contradicted previous findings [19] .
Close monitoring of ICP is pivotal through invasive or non-invasive methods in ALF. Although intra-cranial bolt insertion gives a more direct measurement of cerebral status, it carries a risk of intracranial haemorrhage. In a recent observational study, the use and complication rate of ICP monitoring via bolt insertion was prospectively studied in 92 patients. Compared to a previous study published 10 years earlier, the bleeding complication rate was reduced to 10% vs. 20% [20] .
Non-invasive monitoring of ICP using infrared spectroscopy, trans-cranial doppler and jugular venous oximetry has also been described in the literature. The use of invasive monitoring should be reserved for patients with the highest risk of cerebral oedema, i.e., those with grade IV encephalopathy or those with evidence of evolving intracranial hypertension [20] . Adequate sedation and analgesia is important in the management of hepatic encephalopathy as it minimizes intracranial pressure (ICP) rises associated with agitation and painful stimulation. Sedation can reduce the cerebral metabolic rate foroxygen (CMRO 2 ) and cerebral oxygen consumption [21] [22] .
Circulatory dysfunction and hypotension occur frequently in patients with ALF. There is evidence of a high cardiac output, low systemic resistance state with alterations in hepatic and splanchnic blood flow in these patients [5] . Doppler ultrasonography of the hepatic blood vessels in 18 patients with acetaminophen-induced FH [23] revealed significant increases in the resistance to hepatic artery flow late after overdose, raising the possibility of a secondary ischaemic insult to the liver after the initial drug hepatotoxicity. Adrenocortical insufficiency may also contribute to hypotension.
Arterial hypotension that persists despite adequate fluid resuscitation requires the addition of vasopressors medication to maintain CPP. Norepinephrine is the preferred agent; however, more recently the vasopressin analogue terlipressin has been used in ALF with conflicting results [24] [25] . For the reasons mentioned, patients with ALF require invasive hemodynamic monitoring. These procedures are usually safe to perform, even in the presence of profound coagulopathy and haemorrhagic complications are rarely seen [26] . Patients with ALF develop significant coagulopathy due to diminished production of clotting factors by the damaged liver. Correcting the coagulopathy has historically involved the transfusion of fresh frozen plasma, platelets, cryoprecipitate, and packed red blood cells. However, the use of these products often does not correct the coagulopathy [27] [28] .
Supplemental doses of vitamin K also does not improve the coagulopathy in acute liver failure [29] . The use of FFP should be discouraged unless there is active hemorrhage, or the patient is haemodynamically unstable [30] . If the correction of coagulopathy is necessary and adequate correction cannot be achieved with FFP, particularly in a volume overloaded patients, recombinant human factor VIIa should be considered. Recombinant factor VII (rFVIIa) helps to form as table clot by establishing complexes with exposed tissue factor, and it also enhances platelet activation [31] [32] .
Patients with fulminant hepatitis are particularly susceptible to both bacterial and fungal infections. The milieu of inflammation and necrosis in ALF is presumed to predispose patients to infection due to complement deficiency, and/or impaired polymorphonuclear or Kupffer cellfunction. Bacteraemia has been reported in between 22% -80% of ALF patients and fungemia noted in 32% [33] . Two observational studies from the UK and the US [34] [35] reported a high incidence of systemic inflammatory response syndrome and sepsis in FH. Patients with ALF should therefore be screened aggressively for evidence of infection. The use of prophylactic antibiotics remains controversial. However, they have been shown to significantly reduce the risk of sepsis, decrease the risk of progression to high-grade encephalopathy and increase the potential for successful transplantation; having said this, survival was not affected [35] .
According to the AASLD guidelines, in the absence of active infection, antibiotic and antifungal therapy should be considered for all patients who show progression to high grade encephalopathy or those with evidence of significant systemic inflammation [10] . First-line antibiotic choice is dependent on unit-specific antimicrobial surveillance data and results from admission cultures.
Finally, renal dysfunction may occur in more than 50% of patients with ALF, and these patients often require continuous hemofiltration [20] .
Liver Transplant
Fulminant hepatitis is one of the indications for orthotopic liver transplantation, and remains a well-established procedure for patients, without sufficient regeneration of hepatocytes, that is proven to improve survival. Before liver transplantation became a treatment option, survival rates were as low as 15%. With liver transplantation, rates of between 60% to 80% have been reported in different series within the last decade [2] [36] . However, whole organ transplantation is invasive, expensive and increasingly limited by the unavailability of suitable donor organs.
In addition to whole-organ deceased donor liver transplantation, other types of transplantation have been attempted in this setting. 2011). The use of LDLT remains controversial and unique ethical issues exist [37] - [41] . The donor evaluation must be compressed which carries the risk of an incomplete evaluation and the possibility of donor coercion.
The team and the donor must consider the associated donor complications, including death, which occurs in 0.2% of donors [42] - [44] . Nevertheless, right-lobe LDLT improves survival of patients with acute liver failure, and the 1-year survival following LDLT is approximately 75% [38] . The decision for transplantation depends on estimating the probability of spontaneous recovery and may be very difficult and requires weighing the advantages of an early transplantation against the disadvantages of an unnecessary transplantation with all consequences.
The principles underpinning the selection of patients with ALF are the accurate identification of those in need, as well as those who will benefit from liver transplantation.
The King's College Criteria (KCC) are probably the best validated tools currently available [45] ; however, the predictive value of KCC has been questioned in the USA [14] because the encephalopathy grade and aetiology are the only predictors of outcome. Furthermore, the KCC has not been sufficiently evaluated in central Europe, where acetaminophen is not the major cause of FHF [46] . Using selection criteria for transplantation in patients with FH is wrong. In fact, it is illusory to think that a single set of criteria is relevant to FH of any cause. For this reason, a specific score according to the aetiology has been proposed: non-paracetamol-induced ALF in KCH criteria, blood arterial lactate [47] , serum phosphate [48] [49], α-fetoprotein [50] in paracetamol-induced ALF, prognostic factors for HAV infection-related FH [51] , a prognostic scoring model for liver transplantation in patients with non-paracetamol-related ALF [52] , prognostic factors of Amanita phalloides poisoning [53] [54] .
In contrast, Novelli et al. [5] proposed prognostic criteria after treatment with the molecular adsorbent recirculating system (MARS), not depending onaetiology. In a multivariate logistic regression analysis of 45 patients diagnosed with FH, the authors showed six risk factors (the percentage reduction of lactate, IL-6 and ICP, systemic vascular resistance index values, GCS < 9, and the number of MARS treatments) that could be considered predictive for transplant and outcome. The results highlighted that thirty-six patients survived: 21 were bridged to liver transplant and 15 continued the extracorporeal method until native liver recovery with a positive resolution of the clinical condition. Nine patients died before transplantation due to multi-organ failure.
It is well described in literature that the most important factor for predicting survival in FH is the degree of encephalopathy. For instance, spontaneous recovery is more likely with lower grades of encephalopathy [15] . It is between 65% to 70% in patients with grade I-II encephalopathy and less than 20% in patients with grade IV encephalopathy.
The one-year survival rates based on registry data were 74% in Europe between 1988 and 2000 and 82% in the US between1999 and 2008 [55] - [57] . Three large studies have attempted to define the characteristics associated with a poor outcome after liver transplantation for ALF [56] [58] [59] . None of the studies identified any specific characteristics of the severity of ALF pre-transplant as being predictive of outcome but three broad indicators were identified-renal dysfunction (creatinine > 2 mg/dl), mechanical ventilation and inotrope dependence [57] .
Liver Support Devices
Extracorporeal liver support systems are divided into biological, non-biological (also called artificial or cell-free techniques) and bio-artificial (hybrid techniques) devices. The potential usefulness of an extracorporeal liver support therapy could facilitate an improved environment for hepatic regeneration and clinical recovery. In anideal situation such an instrument would prevent the evolution to irreversible multi-organ failure and obviate the need for transplantation in many cases.
It is important to state that the vast majority of reports of the clinical application of liver support devices are as case reports or case series. Adverse effects of treatments include loss of platelets, increase in coagulation time, and electrolyte imbalances. Bleeding and disseminated intravascular coagulation can worsen hepatic function and increase encephalopathy and thus over shadow the detoxification effects of the treatments.
Artificial liver support technologies using albumin as a binding and scavenging molecule are mostly used. Albumin dialysis involves dialyzing blood against an albumin-containing solution across a highly permeable high-flux membrane. The blood-bound toxins are cleared by diffusion and taken up by the binding sites of the albumin dialysate. Two different albumin dialysis systems have been developed using this principle: MARS (Molecular Adsorbent Recirculation System) and SPAD (Single-Pass Albumin Dialysis). Prometheus (Fractionated Plasma Separation and Adsorption, or FPSA) differs from the others in that the patient's plasma is separated across amembrane and then is run over adsorptive columns. In particular, the MARS system is currently the most extensively used non-biological liver support system. The device was developed by Stange and Mitzner in 1993 and applied for the first time in humans in 1996.
Four large prospective randomized controlled trials (RCT) have evaluated the efficacy of MARS therapy [60] - [63] . Application of MARS was shown to be safe with only rare adverse events and resulted in an improvement of encephalopathy. However, no effect on survival was shown. A systematic review by Kjaergard et al. [64] and a Cochrane review (Liu, JP et Stutchfield et al. [65] evaluated the role of contemporary extracorporeal liver support devices in patients with acute and acute-on-chronic liver failure through a meta-analysis of randomized controlled studies. They concluded that these systems seemed to improve survival in patients with acute liver failure.
In a recent study, Saliba et al. [66] conducted a randomized, controlled trial on 102 ALF patients that were divided in two groups: conventional treatment (n = 49) or MARS with conventional treatment (n = 53), stratified according to whether paracetamol caused ALF. Six-month survival was 75.5% (95% CI, 60.8% to 86.2%) with conventional treatment and 84.9% (CI, 71.9% to 92.8%) with MARS (P = 0.28). This randomized trial of MARS in patients with ALF was unable to provide definitive efficacy or safety conclusions because many of the patients had been transplanted before administration of the intervention.
The conflicting results reported in literature are based on different applications of MARS therapy without a uniform consensus. The timing of application, the setting of blood and albumin circuit flows, albumin concentrations, membrane pressure and type of dialysis machine are fundamental in other to obtain the maximal detoxification.
Summary and Future Steps
Fulminant hepatitis is a complex clinical "syndrome" which requires early diagnosis and aggressive management.
Although orthotopic liver transplantation is the "gold standard" treatment for irreversible liver failure, the dramatic shortage of donor organs for transplantation has led to alternative strategies, such as the use of liver support, marginal organs, donation after cardiac death and living-donor liver transplantation, with considerable risk for the recipient (and in the case of living donor liver transplantation, for the healthy donor). Novel biomarkers, which predict outcome, are urgently needed so that resource utilization can be stratified appropriately.
Other targets of study should include systems analyses of cytokine studies, correlation with genomic analyses, development of prognostic scores, and a basic understanding of the inciting agents for liver injury. Much work has been done, and a number of novel promising approaches have emerged from preclinical and early clinical work. For instance, the use of recombinant human hepatocyte growth factor or HMGB-1 or bone marrow-derived stem cells orcardiotrophin-1 is considered potential interventions for ALF even if based on animal studies in some cases only.
